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Why Kimmeridge?

What is in a name?  In the case of Kimmeridge 
Energy, quite a lot. Kimmeridge comes from 
the name of a significant Upper Jurassic aged 
source rock that generated most of the oil and 
gas in the North Sea (>50Bn bbl produced and 
discovered), which itself is named after the 
village of Kimmeridge (and Kimmeridge Bay), in 
Dorset on the south coast of England where the 
formation outcrops (Figure 1). It was in this area 
that the rock was first used unconventionally as 
an energy source in the 16th century, and later 
mined extensively.  

Due to its very high organic properties and 
associated dolomite layers, it could also be 
a very good candidate for the first offshore 
unconventional play in the future, as only limited 
amounts of the formation are in the oil window 
onshore in England. So on top of the historical 
unconventional hydrocarbon exploitation of the 
Kimmeridge Clay hundreds of years ago, there 
may be a long future ahead for this formation.

Figure 1: Distribution of the Kimmeridge Clay On and Offshore 
Europe in Green and Purple; Oil and Gas feilds in Red
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A Little History -  
the Kimmeridge Clay, One of the 
First Unconventional Plays

Oil and gas have been associated with the 
Kimmeridge Clay for a very long time, but came 
into prominence in the late 1960’s, 70’s with the 
oil discoveries in the North Sea. 

The Romans are known to have mined the 
Kimmeridge Blackstone, as it was known, to 
produce polished, black armlets or bangles.  
Then in the 17th century Sir William Clavell, 
owner of the land around Kimmeridge, used the 
Kimmeridge oil shale as fuel for glass-making, and 
for boiling sea-water to manufacture salt. By the 
mid 19th century, oil was produced extensively 
from the Kimmeridge oil shale, by heating the 
shale, but so too was gas. One ton yielded 11,300 
ft. of 20 candle gas compared to 15,480 ft of 52 
candle gas from Boghead Coal, or torbanite (algal 
oil shale) from West Lothian, Scotland.  

In 1848 the Bituminous Shale Company in Dorset 
built a tramway and worked the oil shale, utilising 
a small port to export the unretorted shale. The 
oil shale was converted into varnish, grease, 
pitch, naptha, dyes, wax, fertiliser and other by-
products at nearby Weymouth. In the same year, 
Wanostrocht and Company used Kimmeridge oil 
shale to light the streets of Wareham with 130 
gas lamps, and later had a contract to light the 
streets of Paris using gas from burning imported 
Kimmeridge Clay. By 1890, the Kimmeridge 
Oil and Carbon Company reported that there 
were 5000ft of underground tunnels or levels 
at Kimmeridge, but in the Late 1890s, oil shale 
mining came to an end.

The Kimmeridge Clay’s main competition back 
in the mid 19th century, was from the Lower 
Carboniferous oil shales of the Scottish Lothians, 
west of Edinburgh, which were continuously 
worked from 1851 to 1962, and at their 
maximum productivity before the First World 
War, had an annual output of over 3 million tons 
of shale oil. The initial purpose of the industry 
was to produce lubricating oils and paraffin 
for heating and lighting, which was profitable 
at the time. But as the conventional crude oil 
exploration and production industry took off, the 
more expensive unconventional techniques of 
retorting (heating up the rock to extract oil and 
gas), found it increasingly hard to compete with 
their conventional relatives.

Ironically, today there is also a conventional 
oil well on the cliff above Kimmeridge Bay, but 
this is actually not related to the Kimmeridge 
Clay itself. The well is the oldest continuously 
producing well site in the UK and was drilled in 
1959, and has produced around 350 barrels per 
day from fissured shelly limestone of the Middle 
Jurassic Cornbrash at about 320m (1050ft) depth.   
Indeed, the source of the oil is actually the Lower 
Jurassic Lias shale (equivalent to the main oil 
source rock in both the Lower Saxony Basin in 
Germany and the Paris Basin in France), because 
the Kimmeridge Clay at Kimmeridge is not 
thermally mature. The formation has also been 
in the news recently, as it is the focus of recently 
renewed exploration in the Weald Basin, onshore 
England, to the south of London.
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Figure 2: Comparison of Source Rock characteristics between the Kimmeridge Clay and other  
known unconventional plays

The Kimmeridge Clay was formed at the 
same time, and in similar conditions to the 
Haynesville Shale in the southern USA, and has 
comparable properties to many significant N. 
American unconventional plays (Figure 2 & 3).  
The Kimmeridge Clay is a Type II source rock, 
with TOC (total organic carbon) ranging from 
2% to more than 15%, with the “Blackstone or 
Kimmeridge Coal” unit at outcrop in Kimmeridge 
Bay having up to 70% TOC.  

Is it a World Class Source Rock With 
Unconventional Potential?
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One potential drawback that has been associated 
with the Kimmeridge Clay as an unconventional 
reservoir is its clay content (which can decrease 
the effectiveness of fracking), from whence its 
name derives. However, the average expandable 
clay content (which is the primary driver of 
ductility) appears to be between 25-30% which 
is very manageable, and compares favorably with 
the Barnett shale at around 40% clay. Moreover 
there are also many sections and examples 
with high carbonate and siliclastic (silt and 
sand) content, which would aid produce-ability. 
Additionally, from a resource richness perspective, 
the Oil-in-Place or Gas-in- Place of shales is 
positively related to TOC and clay content, both of 
which aid adsorption of hydrocarbons.

Although the Kimmeridge Clay at Kimmeridge 
is not mature with an Ro (standard industry 
measure of thermal maturity) of about 0.45 (just 
below the early oil maturity stage), the lower 
parts of the Kimmeridge Clay Formation in the 
nearby Arreton No. 2 Borehole on the Isle of 
Wight, are marginally mature with an estimated 
Ro: 0.50 to 0.60%. However, in the North Sea, 
the deepest core samples indicate that the 
Kimmeridge Clay is thermally mature with 
vitrinite reflectance (Ro) values of ~1.2% in the 
early gas window.

In this offshore, thermally mature setting, other 
units within the formation might be suitable 
reservoir targets for unconventional exploration.  
As mentioned previously, the formation also 
contains a number of dolomite layers, such as 
the Flats Dolomite Bed, Maple Ledge dolomite 
and the Washing Ledge dolomite, which all have 
kerogen streaks in them at Kimmeridge Bay.  It is 
assumed that these dolomite beds could become 
saturated with oil as the Kimmeridge Clay enters 
the oil window in certain conditions, and in the 
North Sea many sandstone conventional reservoir 
rocks are interbedded with it and have been 
targeted by offshore exploration.

Figure 3: Comparison of the organic content and oil generative 
potential of the Kimmeridge Clay (Blue) versus similar shales 

such as the Nordegg (green) andd Eagleford (Red)

5



© Kimmeridge 2014 - Why Kimmeridge 6

The Kimmeridge Clay underlies most of the 
northern North Sea and is considered the major 
source rock for North Sea oil. By our estimates 
the Kimmeridge Clay in the North Sea, generated 
over 2000Bnboe of hydrocarbons in the UK and 
Norwegian sectors, with some 50BnBoe of oil and 
gas having been discovered and/or produced.  

Interestingly, the USGS (US Geological Survey), 
estimates that the North Sea Graben contains 
between 4.3 and 25.6 billion barrels (BBO) of 
undiscovered, conventionally recoverable oil, 
and between 11.8 and 75 trillion cubic feet 
(TCF) of undiscovered natural gas. Most of these 
potential volumes lie in areas of the North Sea 
where the Kimmeridge Clay is mature today 
for oil and/or gas. However, the cost of finding 
and developing these conventional fields 
has increased significantly, as the individual 
field sizes have decreased and as historic 
infrastructure prepares to be abandoned, 
following declines in the volumes from fields 
discovered in the ‘70s, ‘80s and ‘90s.

What does not seem to have been considered 
by the USGS, is the potential in the Kimmeridge 
Clay source rock itself. As we have discussed 
in previous research, up to 50% of the oil 
and gas generated in a source rock can stay 
within the source rock or very close to it.  In 
the case of the Kimmeridge Clay in the North 
Sea, this would mean that around 1000BnBoe 
of hydrocarbons remain in and around the 
source rock today, so even at a recovery rate of 
a few percent the volumes are still significant.  
However, the problem in the North Sea is 
how to explore for, and exploit this potential.  
Obviously, if the “North Sea” petroleum 
province had been on present day land, it would 
be one of the major centers of unconventional 
exploration, development and production 
outside N.America.  So unless we wait for 
another ice age when large parts of the North 
Sea were indeed land, we suspect that the only 
solution to explore for the Kimmeridge Clay 
potential today, is to re-enter wells from fields 
which are at the end of their conventional life 
and target the Kimmeridge Clay through large 
horizontal wells and hydraulic fracturing.

The Kimmeridge Clay in the 
North Sea

The main source rocks in the North Sea include 
the Kimmeridge Clay in the Moray Firth/
Witch Ground Graben, and its equivalents, the 
Mandal Formation in the Central Graben, the 
Draupne Formation in the Viking Graben, and 
the Tau Formation in the Norwegian-Danish 
Basin (Figure 4). Kerogen in these shales is 
a typical “type II” marine source rock with 
some influence from land derived material. 
The average TOC is 5% (which is depleted 
from its original values due to maturity) with 
a hydrogen index of 450–600 depending on 
maturity and richness. The Kimmeridge Clay 
Formation is widely distributed in the North 
Sea, and where it has the highest maturity it 
can have a thickness of over 1100m in the 
South Viking Graben, and about 300m in the 
Central North Sea (although net organic-rich 
source rock thickness is believed to range from 
70-200m). Within the Kimmeridge Clay there 
are also a number of discrete sand bodies 
which have become conventional oil traps 
with many discoveries, and a major source of 
production in the basin.   

The Kimmeridge Clay in the North Sea actually 
lies close to two sets of conventional reservoir 
models. As oil will migrate using the easiest 
avenues to porous and permeable conventional 
reservoir rocks, it is no surprise in the North Sea 
that there are numerous conventional reservoirs, 
both within and surrounding the Kimmeridge 
Clay in Upper Jurassic sandstones as well as 
in the Middle Jurassic just below it (Figure 5).  
Conventional fields with these characteristics, 
in locations where the Kimmeridge Clay has 
the highest generative potential (due to source 
rock richness and thickness), and is at the right 
present day maturity, could be targets for the 
first offshore unconventional exploration over 
the next decade. In particular, from our analysis 
there are two groups of conventional oil fields 
that have high potential if wells which have 
already been drilled can be reused, as these 
fields come to the end of their lives.
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Figure 4: Location map of the basins within the North Sea

Figure 5: Stratigraphic diagram showing the relationship of the Kimmeridge Clay source rock 
(highlighted) to adjacent oil reservoirs

KIMMERIDGE
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Figure 6: Relationship of the Kimmeridge Clay source rock to the interbedded reservoir of the South Brae field, 
and to the underlying reservoirs in the Brent field

Figure 6a: South Brae Feild Figure 6b: Brent Feild

For example, in the South Brae Field (Figure 
6a) the reservoir contains oil and gas and was 
deposited as sandy debris which accumulated 
at the foot of a steep submarine slope offshore 
a land mass in the Late Jurassic period. At this 
time, 140 million years ago, the organic mud 
of the Kimmeridge Clay source rock was being 
deposited across the area. These reservoir rocks 
are now found as sand wedges interlayered 
with the oily source rock. Here, therefore, the 
reservoir rock is the same age as the source rock. 

Another style of conventional oil field in the 
North Sea that may be an unconventional target 
is the Brent Field (Figure 6b), discovered in 
the far northern part of the North Sea in 1971, 
with oil and gas within tilted layers of sandy 
rock. The Kimmeridge Clay, drapping across 
the titled blocks, and when the source rock 
matured following burial, the oil was expelled 
downwards into the sandstones. 
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Figure 7: Depth of Base Cretaceous, just above the 
Kimmeridge Clay, which corresponds to maturity

Figure 8: Maturity Data versus depth from Dutch Central Graben  
and Wessex Basin UK

Maturity of the Kimmeridge Clay relates to its 
present day burial (Figure 7 & 8). Based on the 
level of thermal maturation of the source rocks, it 
is calculated that hydrocarbon generation from the 
Kimmeridge Clay occurred from the Late Cretaceous 
to the Early Paleocene along the deeper parts of the 
Viking and Central Grabens. Peak oil maturity occurs 
today between 2500m and 3,250 m (0.7 percent R0) 
and was first reached 40 to 50 Ma ago.  However, 
the current maturity of the Kimmeridge Clay in the 
center of the North Sea, which is essentially a three 
pronged basin, ranges from early mature in the 
Witch Ground Graben to the west, and into the gas 
window in the Central Graben and to the north in 
the south Viking Graben (Figure 9).
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Figure 9: Present day Kimmeridge Clay Maturity Map  
(Orange = Peak Oil, Red = Oil/Gas, Yellow = Early Oil).  
Our Kimmeridge Clay “core area” is within the green

Figure 10: Original generative potential of the Kimmeridge Clay 
(ppm) in the Norwegian Sector of the North Sea. Highest capacities 

correspond to the Viking and Central Grabens and the  
Norwegian-Danish Basin (Report Baird, 1986, AAPG, Vol 70, 1)

Throughout the Tertiary period, maturation 
increased as the basin continued to subside. With 
the maturity moving through the oil generation 
stage into wet-gas and/or condensate generation 
and finally into the dry-gas stage, the areas of strong 
active oil generation migrated both laterally and 
vertically into surrounding reservoirs.

The highest oil saturations in the Kimmeridge 
Clay occur at a maturity of 0.8% Ro, and here 
oil expulsion efficiencies are >50-80 percent.  
The Viking and Central Graben areas, as well as 
Norwegian-Danish basin, saw the highest amounts 
of hydrocarbons generated from the Kimmeridge 
Clay (due to a combination of the source rock 
quality, thickness and maturity) (Figure 10). In these 
areas where conventional structural traps occurred 
just above the Kimmeridge Clay, significant vertical 
migration up faults sourced many major oil fields. 

Academic research on the expulsion and 
migration efficiency (hydrocarbons in place in 
conventional fields/hydrocarbons generated from 
the Kimmeridge Clay) is in line with our estimate 
of 5-10%  from previous research pieces (see our 
previous research piece “Brother From the Same 
Mother? The Relationships Between Unconventional 
and Conventional Oil and Gas Resources” from 
September 2012). However, individual conventional 
hydrocarbon accumulations adjacent to the mature 
Kimmeridge Clay, or directly above it and connected 
by faults have values as high as 40%, indicating a 
virtually saturated hydrocarbon system.

Key fields whose reservoirs inter-fingered with the 
Kimmeridge Clay, or were adjacent to it, are mainly 
located in the South Viking Graben (e.g. Miller and 
Brae), as well as in North Viking Graben, (e.g. Magnus 
field). However, the “core” of the Kimmeridge 
offshore play is massive (Figure 9 – Green outline), 
based on a maturity and formation characteristics 
map, stretching from the Magnus and Bruce fields 
in the north through the Brae/Sliepner fields in 
the South Viking Graben to the Norwegian Ekofisk 
“chalk” reservoirs which overly the Kimmeridge to 
the south in the Central Graben.
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Figure 11: UK North Sea oil production, showing significant 
decline over the past 13 years

Figure 12: Infrastructure map of the North Sea showing fields 
and licences, and pipelines (Oil = Red, Gas = Green), and the 

“core” of the Kimmeridge Clay in dashed red

The North Sea, particularly the UK segment has 
seen production decline for some time since 2001  
(Figure 11). Only 15 wells were drilled in 2013, with 
less than 100mbbls of oil discovered in the last 
two years, according to Oil & Gas UK, and despite 
13 fields being brought on production. There is 
still life in the old basin but there is also a growing 
sense that time is running out, with exploration and 
appraisal drilling down 30% in the UK sector, with 
the Norwegian sector faring much better, possibly 
due to the better financial support for exploration 
drilling. There is a general feeling that future decent 
sized discoveries will be rare in the basin center, 
where the Kimmeridge Clay is currently mature 
for gas and/or oil. Additionally, many of the fields 
that are in the “core” of the Kimmeridge Clay play 
offshore, are facing abandonment within the next 
ten years (Figure 12). An example of a key field 
which is in the process of being abandoned that 
could test the Kimmeridge unconventional potential, 
is Miller in the South Viking Graben.

11

Outlook for the North Sea...and 
Could Unconventional Exploration 
and Exploitation Play a Role
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Figure 13: Oil production from Magnus and Miller feilds, both of which have reservoirs within or close  
to the Kimmeridge Clay formation

Figure 13a Figure 13b

The Miller Field lies in blocks 16/7b and 16/8b in 
the Central North Sea and was discovered by BP 
and Conoco in 1982/1983. The Field is located 
230km north-east of St Fergus in water depths 
of approximately 103m (338ft). Recoverable 
reserves from the Field were originally estimated 
to be in excess of 300Mbbl of oil and associated 
gas. Production started in 1992, however by 2007 
the Field had declined and was producing less 
than 10,000bbl/d (Figure 13a).

The decision to decommission the field was 
approved in 2013 with an estimated overall 
cost to be in the order of £300 million.  
Operations are underway to start the removal of 
equipment, but it will be several years until this 
is completed, and pipelines and other shared 
infrastructure will remain in place.

With this example of Miller being the tip of the 
iceberg, and the cost of decommissioning being 
so high over the next 10 years, any opportunity 
to prolong field life is likely to have a positive 
investment result. Additionally, the political 
implications of keeping the North Sea going 
for a little longer are strong, given the need 
for revenue from the UK (and possibly future 
independent Scottish) governments.



© Kimmeridge 2014 - Why Kimmeridge 13

Figure 14: Table showing fields in the Norwegian sector of the North Sea within the 
area of the highest Kimmeridge Clay (KC) potential. High potential = fields with wells 

and reservoirs close to or within the KC; Medium potential = fields with wells and 
reservoirs in the Jurassic below the KC; Low potential are field with stratigraphically 

shallower or deeper reservoirs to the Jurassic

However, before all the infrastructure is 
dismantled there may still be a role for 
unconventional exploration over the next ten 
years. Based on the published maturity and 
generative characteristics of the Kimmeridge 
Clay in the centre of the basin, the “core” area 
contains 88 producing fields (62 in UK sector 
and 26 in the Norwegian sector). Of these fields, 
31 have reservoirs close to the Kimmeridge Clay 
and could potentially see their wells used to 
target the play with unconventional completion 
techniques. Costs would be contained by 
either reentering old wells or using rigs on the 
production platforms, and these fields offer the 
highest potential for any future unconventional 
exploration in the North Sea. A potential 
candidate to test this concept over the next 
few years could be the Magnus field, which like 
Miller, has also seen its production decline to a 
fraction of its peak (Figure 13b). 

Additionally, we estimate that the following 
fields (Figures 14 & 15) would be potential 
candidates to attempt unconventional 
production from the Kimmeridge Clay in the 
North Sea. This could be made more feasible if 
UK and Norwegian government tax incentives 
were put in place for such activities that would 
help prolong the life of the basin, and allow it to 
continue to generate revenue. However, some 
of these fields despite being in the “core” area 
of the play, may require significant additional 
investment which could lead to the exploration 
of the play being uneconomic in many cases.
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Figure 15: Table showing fields in the UK sector of the North Sea within the area of the 
highest Kimmeridge Clay (KC) potential. High potential = fields with wells and reservoirs 

in the Jurassic below the KC; Low potential are field with stratigraphically shallower  
or deeper reservoirs to the Jurassic
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Summary

The Kimmeridge Clay has been largely 
overlooked as a source rock for unconventional 
activity due to the fact that its most prospective 
core location lies offshore in the North Sea. 
However, we would suggest that its hydrocarbon 
generative potential has been overlooked to 
date in the North Sea. By our calculations, if 
the Kimmeridge Clay in the North Sea was 
located onshore today the oil industry would 
be scrambling to explore and exploit around 
50Bnboe of recoverable volumes (assuming 
a 5% recovery rate) from this potential 
unconventional play. However, it is not 
onshore and the only hope of exploring and 
recovering hydrocarbons from the “core” of the 
Kimmeridge Clay in the North Sea, is through 
re-entering wells from existing platforms before 
they are decommissioned. Is this so far-fetched 
an idea, given the decline in North Sea oil 
volumes and the potential financial benefit in 
delaying North Sea infrastructure abandonment 
(not to mention future incentives that might be 
given to the industry by the UK and Norwegian 
governments), to prolong the life of the basin 
through unconventional activity?

The Kimmeridge Clay is a world-class source 
rock with a long unconventional history 
and potentially a future role in taking 
unconventional activity offshore. Although it is 
not widely known today in the unconventional 
community, we hope that the name Kimmeridge 
will become a familiar one to many over the 
next decade. 
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•	 The Information has been derived from sources believed to be reliable but is not guaranteed as to accuracy 
and does not purport to be a complete analysis of any security, company or industry involved. The user of the 
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•	 None of the Information constitutes an offer to sell (or a solicitation of any offer to buy), any security, financial 
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constitute investment advice or a recommendation to make (or refrain from making) any kind of investment decision 
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